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Modern electron 
microscope

van Leeuwenhoek’s

microscope
Protein networks & signaling pathways

From Gavin, Ho and co-workers (2002) 
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Electron microscopes as tools for 3D imaging AIDS virus

bacteria

cancer cell

tissueprotein complexes

Membrane proteins

Visualizing membrane proteins at near- 
atomic resolution with electron microscopy

    Bacteriorhodopsin (~3Å)      Oxalate transporter (~6Å)

“Open” and “closed” states of OxlT
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“Open” and “closed” states of OxlT

Metabolic pathways

4 kD

28 kD

Components of the pyruvate dehydrogenase complex 

 110 kD 152 kD

41 kDE2

E1 E3
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500 Å

Images of single multi-enzyme complexes Reconstructed 3D structure….  

Reconstructed 3D structure….  

….and atomic interpretation  
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HIV Cryo electron tomography of SIV

Electron tomography of the contact between HIV-1 and T-cells
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Catching HIV in the act The signaling cascade in bacterial chemotaxis

Robert MacNab and colleagues

The signaling cascade in bacterial chemotaxis

from Harshey et al (2003)

Low dose image of rapidly frozen E.coli
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Generation of serial vitreous sections at -150°C

100 µm

Low-dose images of 20 nm vitreous sections

Direct visualization of chemotaxis receptor
assemblies in intact E.coli cells
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Cryo electron tomography of wild-type  E.coli cells
3D architecture of the chemotaxis apparatus

Correlation of expression levels, 
spatial architecture and physiology 
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Correlation of expression levels, 
spatial architecture and physiology 
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Tsr ++
CheA/CheW   +

Tsr ++
CheA/CheW   ++

Correlation of expression levels, 
spatial architecture and physiology Receptor clusters in cells overproducing Tsr

Receptor clusters in cells overproducing Tsr Repeating unit is a trimer of receptor dimers
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(Tracey Roualt and 
colleagues at NICHD/NIH)

Ferritin  localization
in degenerating

neurons

Detection of ferritin in axonal sections

Localization of ferritin in degenerating neurons Localization of ferritin in degenerating neurons
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Conventional
optical microscopy

An unexpected discovery!

Electron
tomography

Gatling multi-specimen holder (collaboration with Gatan Inc., UK)

(collaboration with Gatan Inc., UK)Gatling multi-specimen holder Gatling multi-specimen holder
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1. Survey specimens

60 X

2.  Define ROIs

4400 X

3. Acquire ROIs

A novel technology for automated cell and tissue imaging

“Slice and view” in 3D

Dividing yeast cell
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MNT-1 melanoma cells AIDS virus

bacteria

cancer cell

tissueprotein complexes

Membrane proteins

Bridging the “nano” gap

S. Subramaniam, Curr. Opin. Microbiol. (2005)


